Participation in regular physical activity decreases the risk of developing cardiometabolic disease.
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Background
Participation in physical activity, which may include engaging in structured exercise, is important for maintaining health and wellbeing in the general population [1] . International societies recommend that adults participate in physical activity or aerobic exercise at a moderate intensity for at least 150 minutes per week, or at a vigorous-intensity for at least 75 minutes per week [1, 2] . Adolescents are recommended to participate in at least 60 minutes of moderate-to-vigorous intensity physical activity per day [3] . Despite the numerous physical and psychosocial health benefits of physical activity, as few as 50% of adults and 10% of young people appear to meet the current recommendations for sufficient participation in physical activity [3, 4] . The reasons for insufficient participation in physical activity in the general population include competing time interests, attitudes and motivation and environmental factors such as inclement weather [5] [6] [7] [8] [9] .
In addition to the health benefits attained by the general population, for people with chronic cardiorespiratory conditions, participation in physical activity and exercise may optimise function, improve quality of life, slow the progression of disease and enhance prognosis [10] [11] [12] [13] [14] [15] [16] . People with chronic cardiorespiratory conditions, however, participate in less physical activity than their healthy counterparts [5, [17] [18] [19] [20] . In addition to barriers experienced by the general population, people with a chronic cardiorespiratory condition are likely to face disease-specific barriers to participation in physical activity, such as the time-burden of treatment [6] and unpleasant symptoms of breathlessness, leg muscle and general fatigue during physical activity [7, 21] . Participation in physical activity is of particular concern during 'transitional' years such as adolescence and early adulthood. During this developmental period, peer relationships, disease-stigma and an increased level of autonomy become important influencing factors to treatment adherence [22] [23] [24] . The presence of data demonstrating a positive relationship between physical activity level in early life and physical activity levels later in life [25] [26] [27] , suggests that targeting physical activity and exercise behaviour in adolescents and young adults is likely to be important to create positive habits and assist this population throughout the aging process.
To address issues related to poor participation in physical activity, there is growing interest in the use of behaviour change techniques (BCTs), which are the active component(s) of an intervention aimed to modify existing or stimulate new behaviours [28, 29] . Michie et al [29] designed a universally applicable Taxonomy in which 93 individual BCTs are clustered into 16 common groups. This
Taxonomy has been applied to research that aims to reduce total sedentary time [30] , facilitate smoking cessation [31, 32] and optimise diabetes care [33] . Researchers have yet to apply the Taxonomy to understand the BCTs employed in physical activity interventions with adolescents and young adults with a chronic cardiorespiratory condition; a population who face internal (e.g. motivation and attitudes), external (e.g. competing time interests) and disease-specific barriers to physical activity and exercise [5, 6] . The aims of this review were, in adolescents and adults with one or more chronic cardiorespiratory conditions, to; (i) classify interventions aimed at optimising participation in physical activity as either 'promising' or 'not promising', and (ii) identify and categorise BCTs described in interventions which have been classified as 'promising' and 'not promising'.
Methods
This systematic review is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [34] , and was prospectively registered with PROSPERO (CRD42017068892).
Eligibility criteria
Studies were eligible for inclusion in this review if: (i) the mean age of the sample was between 15 and 45 years, (ii) all participants had a chronic cardiorespiratory condition, which could include but was not limited to asthma, cystic fibrosis (CF), interstitial lung disease, congenital heart disease or cardiovascular disease, (iii) the study design was multi-arm with at least one participant group exposed to an intervention that incorporated BCTs included in the Taxonomy (i.e. experimental group) [29] and one group acting as a control, (iv) objective measures of physical activity were collected before and after the intervention period via either wearable technology (e.g. accelerometer, inclinometers, heart rate monitors, portable metabolic monitors or step count monitors) or direct observation.
Studies were excluded if they used a cross-over or single-group design, or were published in a language other than English. Conference abstracts were excluded. 
Information sources and search
Study selection
Two review authors (AS and HL) used the Covidence software [35] to independently screen titles, abstracts and full papers identified by the search process against eligibility criteria. Disagreement between the two authors was resolved by discussion.
Data collection process
A data extraction template was developed a priori. A single review author (AS) undertook data extraction, the results of which were confirmed by other review authors (HL and DG). Data were extracted from eligible studies in relation to the following components:
Study characteristics: title, year, sponsorship, study design, number of participant groups, betweengroup differences at baseline and sample size. [1.5] , discrepancy between current behaviour and goal [1.6] , review outcome goals [1.7] , behaviour contract [1.8] and commitment [1.9] . Data were extracted following completion of the BCT v1 Taxonomy online training module (AS) and reviewed for quality by another review author who is experienced in the use of this Taxonomy (DG). A comprehensive list of the BCT v1 Taxonomy groups can be found in the supplementary material of the original article [29] .
Risk of bias
Risk of bias was assessed using Cochrane's seven evidence-based domains table [36] . This tool reports on the methodological issues related to risk of bias in the following domains; 'random sequence generation' and 'allocation concealment' (selection bias), 'blinding of participants and personnel' (performance bias), 'blinding of outcome assessment' (detection bias), 'incomplete outcome data' (attrition bias), 'selective outcome reporting' (reporting bias) and 'other bias'. Studies were scored as being at a 'high', 'unclear' or 'low' risk of bias for each domain.
Data synthesis
Classification of interventions
Interventions were categorised as having a 'promising' or 'not promising' influence on the level of participation in physical activity in adolescents and adults with chronic cardiorespiratory conditions.
Interventions were classified as 'promising' if, following the intervention period, there was a significant between-group increase in physical activity or exercise levels in favour of the experimental group. Interventions were classified as 'not promising' if, following the intervention period, no significant between-group differences were reported for physical activity or exercise levels [30, 37] .
Identification and categorisation of behaviour change techniques
Specific components of each intervention were 'coded' as BCTs if sufficient detail was provided to validate the presence of the particular BCT on a target behaviour(s) and population(s). The BCT was labelled with '++' if the authors were confident 'beyond reasonable doubt' that the BCT was present.
If the BCT appeared to be present 'in all probability' from intervention description, but there was insufficient detail, the BCT was coded as '+' [29] . For example, in one study, "Patients in the intervention group were called several times during the first 6 months of the study to check on their activity behaviour and, if necessary, to offer additional help" [38] was coded as social support (unspecified) with partial confidence ('+') because there was insufficient detail pertaining to the content of the conversation of the phone support. All 93 individual BCTs were considered for each of the interventions of the included studies. The BCTs were summarised by number and type.
Results
The search of electronic databases yielded a total of 7,692 records, of which 1,116 were duplicates.
The titles and abstracts of remaining records (n = 6,576) were screened against eligibility criteria.
Following removal of ineligible records (n = 6,428), full texts of remaining studies were screened for eligibility. The main reasons for exclusion following full-text review were related to no objective measure of physical activity (n = 29) and the mean age of participants > 45 or < 15 years (n = 104) ( Figure 1 ).
Figure 1. Search strategy and screening procedure
Characteristics of included studies
All six included studies were randomised controlled trials (RCTs), conducted in Brazil [39] , the Netherlands [40] , Germany [38] , Switzerland and Germany [41] , Ireland [42] , or Australia [43] .
Across the included studies, there were 396 participants aged (mean ± SD) 15 ± 3 years to 45 ± 12 years. Sample sizes ranged from 37 to143 participants, with 183 (46%) being female. Studies included people with asthma (n = 2) [39, 43] , CF (n = 2) [38, 41] , and congenital heart disease (n = 2) [40, 42] .
Further study characteristics are presented in Appendix 2.
Risk of bias
The quality of included studies was poor to fair ( Figure 2 ). No two studies were identical in terms of the risk of bias assessment. Performance bias (blinding of participants and personnel) was high across all studies and only one study was rated as having a low risk of detection bias (blinding of outcome assessor). Intention-to-treat analysis was reported in three studies [39, 41, 42] . Three studies reported not reaching the required sample size [38, 42, 43] .
Random sequence generation
Allocation concealment (selection bias) Blinding on participants and personnel (performance bias) Blinding of outcome assessment 
Interventions
Intervention delivery was highly variable in terms of frequency and duration of contact, supervision provided, monitoring, intensity of the physical activity and/or exercise prescribed, support provided, location and length of the intervention period (Table 1) . Five studies implemented exercise training programs [38, [40] [41] [42] [43] . In three of these studies [38, 42, 43] , promotion of physical activity was added to the exercise training program. One study focussed on promotion of physical activity without an exercise training component [39] . The duration of interventions ranged from 10 weeks to 6 months.
Interventions were supervised (n = 3) [40, 41, 43] , unsupervised (n = 1) [39] or partially-supervised (n = ) [38, 42] . In one of the partially supervised interventions [38] , participants were asked to increase their participation in a sport of their choosing by three hours each week. For example, some participants undertook resistance training in a fitness centre (supervised), other participants opted to complete independent endurance sports (cycling, jogging or swimming), and some chose to complete a mixture of these options. In the other partially-supervised intervention [42] , participants undertook group education sessions, but were provided with an independent program to complete at home to increase their activity.
Four of the six included studies had a two-arm design (i.e. intervention and control group) [38] [39] [40] 42] . One study had a three-arm design (i.e. two intervention groups and a control group) [41] and one study had a four-arm design (i.e. three intervention groups and a control group) [43] . 
Description of intervention
All participants attended an individualised standardised education session.
Intervention group: received a dairy to register asthma exacerbations. Also provided with a stepbased (walking) physical activity prescription plan with targets.
Control group: received a diary to register asthma exacerbations. 
Intensity of intervention
Each participant asked to commence walking at a moderate intensity (talk test -explain this). Progressive step-based goals.
10 minute warm up and cool down. 40 minutes of aerobic exercise at 60 to 70% maximal heart rate.
Below gas exchange threshold (equivalent heart rate).
Strength training: set by fitness centre staff. Weight increase by 5% per week if the participant could do > 9 repetitions.
Anaerobic training: commenced at 65% VO2peak.
Not specified. Not specified.
Additional support
Weekly contact about asthma control and step count. Monthly clinic visits.
Supervised by a physiotherapist. Provided with heart rate monitor for exercise intensity.
Provided with heart rate monitor and advice on target range for endurance activities.
Fitness centre staff monitored attendance.
Heart rate monitor provided (anaerobic training only).
Monthly follow up phone calls to discuss progress and problems.
Pedometer provided to participants to monitor step count.
Financial assistance Not specified. Not specified.
£200 was offered to participants to assist implementation / maintenance of activity plan.
Access to a fitness centre (both intervention groups).
Not specified.
Gym membership
provided. No other financial support provided.
Location
Community-based / independent. Not specified. Variable (i.e. fitness centre or sports club)
Fitness centre (both intervention groups) or home (anaerobic training only).
Home / communitybased. Gym-based.
Abbreviations: VO2peak: peak rate of oxygen uptake.
Interventions considered promising versus not promising (aim 1)
Of the six included studies [38] [39] [40] [41] [42] [43] , half (n = 3) [38, 39, 42] were considered to have a 'promising' effect of physical activity or participation in exercise.
Behaviour change techniques across all studies (aim 2)
Nineteen ( 
Behaviour change techniques used in promising interventions
The most frequently used BCTs in interventions categorised as having a 'promising' effect on physical activity or participation in exercise were goal setting (behaviour) [indicated in Figure 3 
Behaviour change techniques used in not promising interventions
The most commonly coded BCTs amongst interventions with a 'not promising' effect on physical activity or participation in exercise was goal setting (behaviour) [indicated in Figure 3 as 1.1], which was identified and coded on four occasions by four interventions [41, 43] . On one of these occasions, the BCT could only be coded with partial confidence (+, 'in all probability) [43] . Group BCT identified Coelho (2017) [39]
Hebestreit (2010) [38] Morrison (2013) [42] Duppen (2015) [40] Kriemler (2013) [41] Scott (2013) [ 
43]
Promising Not promising █ BCT coded once within the study. █ BCT coded more than once within the study (the number in the box indicates number of occasions that the BCT was used) '*' next to the author's name indicates that intervention within the study was categorised as 'promising'. A '++' next to the BCT indicates that reviewers were confident 'beyond reasonable doubt' that the technique was present. A '+' next to the BCT indicates that the technique was present 'in all probability', however, supporting information was lacking.
Discussion
This systematic review is the first to apply the BCT v1 Taxonomy [29] to interventions aimed at optimising physical activity, which may have included participation in exercise, in adolescents and younger adults with chronic cardiorespiratory conditions. Six studies met our inclusion criteria and were of fair to poor quality. The three main findings of this systematic review were that: (i) only 20%
of the individual BCTs outlined in the v1 Taxonomy were represented within the interventions of included studies, (ii) three of the six studies had interventions that had a 'promising' influence on physical activity or participation in exercise, and (iii) five BCTs (namely problem solving, information about antecedents, information about health consequences, pros and cons, and comparative imagining of future outcomes) were solely used in 'promising' interventions.
The finding that few (20%) of the BCTs outlined in the v1 Taxonomy [29] were represented within the interventions of included studies support earlier work which report a limited number of BCTs in studies aiming to optimise physical activity or implement home-based cardiac rehabilitation in adults with chronic obstructive pulmonary disease (COPD) [44] and cardiac disease [45] , respectively. A recent systematic review on the use of BCTs by physiotherapists in interventions aimed at increasing physical activity has demonstrated that 'promising' interventions used more BCTs than 'not promising' interventions [46] . This finding contrasts with our work, which identified a comparable number of BCTs between the interventions of 'promising' and 'not promising' studies. One possible reason for this disparity is that our study only included RCTs and the decision to classify interventions as 'promising' was the finding of significant between-group differences in objective measures of physical activity. In contrast, the earlier systematic review [46] included studies that provided lower levels of evidence (i.e. uncontrolled single-group studies with subjectively reported measures of physical activity).
Commonly used BCTs were similar between 'promising' and 'not promising' interventions and included goal setting (behaviour) and action planning. Goal setting (behaviour) is defined as 'setting or agreeing on a goal defined in terms of the behaviour to be achieved, for example, agreeing on a weekly exercise target' [29] . Action planning is similar except that in addition to defining a goal, explicit instruction is given regarding the context, frequency, duration and/or intensity of the behaviour. Of note, action planning was used in all of the 'promising' studies, and two of the three non-promising studies. Notwithstanding these similarities in BCTs common to 'promising' and 'not promising' interventions, there were two noticeable differences in the way they were applied: (i) specificity of the goal (i.e. promotion of physical activity rather than just participation in the exercise program) and (ii) length of intervention. That is, compared to 'not promising' interventions, which tended to focus solely on an exercise program, 'promising' interventions included promotion of physical activity either alone [39] or in combination with an exercise program [38, 42] . For example,
Morrison et al [42] discussed ways to increase physical activity, and in the study by Hebestreit et al [38] , physical activity counselling and discussion of an activity plan were undertaken. Our data suggest that when attempting to increase participation in physical activity, it is the embedding of specific instructions regarding the execution of this health behaviour (i.e. action planning) within an exercise training intervention that is needed to optimise success [47] . Additionally, the current study demonstrated that longer interventions seem to be more advantageous than shorter interventions to change physical activity behaviour in adolescents and adults with a chronic cardiorespiratory condition. That is, the majority of 'promising' interventions (2/3) were 6 months or longer in length, compared to an average of 12 weeks or less for the majority (2/3) of 'not promising' interventions.
This finding is in agreement with results of a study of pulmonary rehabilitation in people with COPD that demonstrated that a 3-month intervention improved exercise capacity, muscle force and quality of life. However, physical activity only improved after six months of intervention [48] . The reason that longer interventions appear to be advantageous compared to shorter interventions may be due to the time it takes to implement physical activity BCTs and/or the time is takes for these BCTs to positively influence the target behaviour.
Several BCTs were described only within 'promising' interventions. Specifically, problem solving, which is categorised within the Goals and Planning group of the BCT v1 Taxonomy [29] , was solely used in 'promising' interventions and suggests that when attempting to change physical activity, it is important to offer problem solving together with goal setting (behaviour) and action planning. Given the magnitude of barriers for people with chronic cardiorespiratory conditions, identifying obstacles and potential solutions in advance is important for ongoing adherence to physical activity and exercise programs. Earlier work has also reported the value of highlighting behavioural 'norms' to participants, particularly in the context of goal setting [49, 50] , and this is likely to explain why information about antecedents and information about health consequences were identified within 'promising'
interventions. Another BCT used only in 'promising' interventions was pros and cons, whereby 'a person is advised to identify and compare reasons for wanting (pro) or not wanting (con) to change a behaviour' [29] . This technique, commonly referred to in the literature as decisional balance, is an important element of behaviour adoption [51] and positive decisional balance (i.e. higher perceived pros than cons) has been shown to strongly influence the participation in physical activity [52] .
Additionally, positive decisional balance may have a role in long term participation in physical activity in people who are already active [53] . Finally, comparative imagining of future outcomes, or mental contrasting, was also used solely in 'promising' interventions. Similar to decisional balance, this technique emphasises the need for action upon a goal through consideration of a positive future achievement of a behaviour (e.g. completing physical activity 30 minutes per day) with negative barriers (e.g. motivation, inclement weather, competing time interests) and is particularly useful in adolescents and adults [54, 55] . Our finding that these BCTs were described in 'promising' interventions is supported by earlier work. For example, in a systematic review investigating the use of BCTs in cardiac rehabilitation programmes [45] , information about health consequences was only used by efficacious cardiac rehabilitation programmes. Likewise, in another review investigating BCTs utilised by physiotherapists for physical activity interventions in people with noncommunicable disease, problem solving and information about health consequences were only identified in interventions considered efficacious at improving physical activity [46] .
Although this review used a comprehensive search strategy to find studies that met our eligibility criteria, the results should be interpreted with caution as the number of studies included was small and their quality was variable. Further, on several occasions, we were unable to code potential BCTs with any confidence due to insufficient detail reported for the intervention. The breadth of uncoded BCTs, techniques only coded on a single occasion, and the heterogeneity and limited number of included studies reduces our confidence to conclude which BCTs are likely to be most useful to optimise physical activity in adolescents and adults with chronic cardiorespiratory conditions. This uncertainty highlights the underdevelopment of the evidence-base in this area. It is the authors' hope that the use of the BCT v1 Taxonomy [29] in this paper will prompt others to report the active components of an intervention with clarity and consistency to facilitate meaningful future research, as well as the translation of efficacious interventions into clinical practice. Moreover, studies were only included in the review if the measurement of physical activity was device-based or by direct observation. While device-based measures of physical activity are more robust than self-reported measures of physical activity [56] , studies aiming to optimise physical activity or participation in exercise which utilised subjective measures of physical activity may have included BCTs which have not been used in the studies included in the current review.
Conclusion
A relatively small number of potential BCTs were identified within interventions aiming to optimise physical activity in adolescents and adults with a chronic cardiorespiratory condition. Although there was some overlap in the BCTs described within 'promising' and 'not promising' interventions, BCTs problem that would impede physical activity.
Number of groups
2 2 2 3 2 3
Group balance at baseline
Groups appeared to be balanced at baseline. However, it is possible that a clinically relevant difference between the two groups occurred regarding body mass index.
Groups appeared to be balanced at baseline.
Sample size
Estimated n = 30 to detect increase of 2491 steps (SD of 2369 steps) with 80% power and a two-sided alpha level of 0.05. Actual sample size was n = 37, and n = 30 completed the intervention.
Estimated n = 90 to detect an increase in VO2peak of 20, with 88% power and a twosided alpha of 0.05. Actual sample was n = 93 and 90 were analysed.
Sample size calculation provided in online supplement. Sample size calculation based on an increase in the peak rate of oxygen uptake (VO2peak) of at least 1 SD over the control group, with a power of 80% and two-sided alpha of 0.05 and 60% allocation to the intervention group.
Required n = 21 in the intervention group and n = 14 in the control group. Planned to recruit n = 38. Randomised n = 38, Sample size calculation provided in online supplement. Estimated n = 20 per arm with 80% power and alpha of 0.05 for an effect of 0.43 times the SD with the primary outcome being FEV1, although this is not explicitly stated in the sample size calculation. n = 143 randomised. Sample size calculation not stated in data analysis section. Study limitations highlight that n = 143 is n = 37 less than anticipated. n = 46 were randomised, n = 38 completed the trial. Underpowered to detect changediscussed in limitations section. Actual sample size calculation not provided.
and n = 28 completed final follow-up.
Assessment time points
Baseline, post intervention (12 weeks), 24 to 28 weeks post randomisation.
Baseline and post intervention (12 weeks).
Baseline, and after 3, 6, 12, 18 and 24 months.
Baseline and after 3, 6, 12 and 24 months.
Baseline and 6 months.
Baseline, week 10 and week 20.
Primary outcome(s)
Step count VO2peak VO2peak FEV1
Increase in exercise capacity and time spent in moderate to vigorous physical activity (MVPA).
Unclear. Listed as expiratory reserve volume, quality of life on study registry.
Secondary outcome(s)
Asthma control, health-related quality of life, anxiety, depression, 6 minute walk test.
Time spent in MVPA (%).
Vigorous physical activity (hours per week).
MVPA (hours per week). -
International Physical Activity Questionnaire, which included steps per day.
Abbreviations: CF: cystic fibrosis. FEV1: forced expiratory volume in 1 second. MVPA: moderate to vigorous physical activity. ToF: Tetralogy of Fallot. VO2peak: peak rate of oxygen uptake.
